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LED LIGHT WITH ACTIVE COOLING 

5 

This application claims priority to U.S. provisional patent application Serial 
No. 60/459,238 filed March 31, 2003. 

BACKGROUND OF THE INVENTION 

10 An LED (light emitting diode) generally includes a diode mounted onto a 

die or chip. The diode is then surrounded by an encapsulant. The die receives 
electrical power from a power source and supplies power to the diode. The die 
can be mounted in a die support. To produce a brighter LED, generally, more 
power is delivered to the LED. 

15 Many LED lighting systems dissipate heat through a different heat transfer 

path than ordinary filament bulb systems. More specifically, high power LED 
lighting systems dissipate a substantial amount of heat via a cathode (negative 
terminal) leg or through the die attached in a direct die mount device. The 
conventional heat dissipation systems (i.e. radiating a large percentage of heat to 

20 a front lens of a lamp) do not adequately reduce heat in higher power LED 

systems. Consequently, high power LED systems tend to run at high operating 
temperatures. 

High operating temperatures degrade the performance of the LED lighting 
systems. Empirical data has shown that LED lighting systems may have 
25 lifetimes approaching 50,000 hours while at room temperature; however, 
operation at close to 90° C may reduce an LED life to less than 7,000 hours. 

To use high brightness LEDs in small lighting footprints, some degree of 
active cooling can facilitate reducing the temperature of the LED and thus the 
overall light fixture size since a large heat sink is not necessary. Spot cooling 
30 using a fan is known. A known fan includes a flexible diaphragm mounted 

around its entire periphery to a rigid housing defining an internal chamber. The 



diaphragm includes an orifice. The diaphragm moves in and out of the internal 
chamber as it is being actuated by a piezoelectric actuator. 

As the diaphragm moves into the chamber, decreasing the chamber 
volume, fluid is ejected from the chamber through the orifice. As the fluid passes 
5 through the orifice, the flow separates at the sharp edges of the orifice and 

creates vortex sheets which roll up into vortices. These vortices move away from 
the edges of the orifice under their own self-induced velocity. 

As the diaphragm moves out of the chamber, increasing the chamber 
volume, ambient fluid is drawn into the orifice, and thus into the chamber. Since 
10 the vortices are already removed from the edges of the orifice, they are not 
affected by the ambient fluid being entrained into the chamber. As the vortices 
travel away from the orifice, they synthesize a jet of fluid, a "synthetic jet," 
through entrainment of the ambient fluid. It is these fans or synthetic jet 
generators that have been found useful in cooling electronic packages. 
1 5 Known piezoelectric fans and synthetic jet actuators have relatively limited 

capacity, in that they use only a single moving element or a moving element of 
limited deflection. It would be desirable to increase the performance of an LED 
assembly by providing an active cooling system that overcomes the above 
mentioned shortcomings. 

20 

BRIEF SUMMARY OF THE INVENTION 

An LED light assembly includes a housing, an LED disposed in the 
housing, a heat dissipating structure and a fluid current generator. The LED is in 
thermal communication with the heat dissipating structure, which includes a flow 
25 path surface. The fluid current generator is disposed in the housing to create a 
current of fluid over the flow path surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings are only for purposes of illustrating preferred embodiments 
30 and are not to be construed as limiting the invention, which is defined by the 
appended claims. 
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FIG. 1 illustrates a side perspective view of a portion of an LED lamp 
device having a heat dissipation system. 

FIG. 2 illustrates a top perspective view of the LED lamp device of FIG. 1 . 

FIG. 3 illustrates a side perspective view of a portion of an LED lamp 
device having an alternative heat dissipation system. 

FIG. 4 illustrates a top perspective view of the LED lamp device of FIG. 3. 

FIG. 5 illustrates a schematic sectional side view of an alternative heat 
dissipation system for an LED lamp device. 

FIG. 6 illustrates a cross-sectional view taken along lines 6-6 of FIG. 5. 

FIG. 7 illustrates a cross-sectional view similar to that of FIG. 6. 

FIG. 8 illustrates a schematic sectional side view of an alternative heat 
dissipation system for an LED lamp device. 

FIG. 9 illustrates a detailed view of one of the side plates of FIG. 8. 

FIG. 10 illustrates a schematic sectional side view of an alternative heat 
dissipation system for an LED lamp device. 

FIG. 1 1 illustrates a perspective view of a discharge conduit. 

FIG. 12 illustrates a top plan view of an orifice plate. 

FIG. 13 illustrates a top plan view of an alternative orifice plate. 

FIG. 14 illustrates a top plan view of an alternative orifice plate. 

FIG. 15 illustrates a bottom plan view of the orifice plate of FIG. 14. 

FIG. 16 illustrates a multiple outlet arrangement for a heat dissipation 
system. 

FIG. 17 illustrates a plan view of a portion of a lamp device having another 
alternative heat dissipation system. 

FIG. 18 illustrates a cross-section of FIG. 17 taken at line 18-18. 

FIG. 19 illustrates a side elevation view of an alternative fluid current 
generator. 

FIG. 20 illustrates a plan view of FIG. 19. 



DETAILED DESCRIPTION OF THE INVENTION 

With reference to FIG. 1, a portion 10 an LED light assembly includes an 
LED array 12 made up of a plurality of LEDs 14 secured to a heat dissipating 
structure 16 that has a fan 18 mounted to it. The term "fan" is not limited to only 
5 a device for creating a current of air or a machine using a motor to rotate vanes 
to move air. The term "fan" is more broadly used to describe a device for 
creating a current of fluid, not limited to only air. The portion 10 of the LED 
assembly can be covered by a translucent cover (not shown) and/or situated in a 
fixture or housing (not shown) to create the LED assembly. Each LED 14 

10 includes a die (not visible) that receives electrical power from a power source 
(not shown) and supplies the power to the LED 14. The die is received in a die 
support 20. Heat that is generated by the LED is transferred to the heat 
dissipating structure 16 via the die. 

The mounting of the LED and the electrical connections used to supply 

15 power to the LED are known in the art, and therefore need no further description. 
The LEDs 14 can be conventional LEDs that are known in the art. The LEDs 14 
are mounted on a mounting plate 22. The mounting plate 22, and thus the LED 
array 12, is mounted to a first surface or under surface 24 of the heat dissipating 
structure 16. 

20 With reference also now to FIG. 2, the heat dissipating structure 16 

includes the under surface 24 and a second or upper surface 26, which acts as a 
fluid flow path surface for dissipating the heat generated by the LEDs 14. The 
upper surface provides a heat dissipating surface over which a fluid, most likely 
air, will flow to facilitate heat dissipation. The heat dissipating structure 16 can 

25 be a separate thermally conductive piece of an LED light fixture (not shown) in 
which the portion 10 of the LED light assembly will be mounted, or it can be an 
integral thermally conductive piece with one of the components of the LED light 
fixture. The heat dissipating structure can also include a structure to which the 
LED mounts, including a printed circuit board or similar structure. 

30 A pedestal 30 extends upwardly from and normal to the upper surface 26 

of the heat dissipating structure 16. The pedestal 30 is the same width as the 
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heat dissipating structure 16; however, the pedestal need not be the same width 
as the heat dissipating structure. The pedestal 30 has a pedestal surface 32 on 
which the fan 18 is mounted. The pedestal surface 32 is spaced from the upper 
surface 26 an adequate amount to allow the fan 18 to flap. Accordingly, the 
5 length and characteristics of the fan can limit the difference in elevation between 
the pedestal surface 32 and the upper surface 26, and vice versa. The pedestal 
30 can be solid, in that it does not contain any passages through which fluid can 
flow between the upper surface 26 and the fan 18, at the point of attachment 
between the fan and the pedestal. Similarly, the pedestal 30 can also be hollow 

10 and the walls that depend from the upper surface 26 can prevent fluid flow at the 
point of attachment between the fan and the pedestal. In FIGS. 1 and 2, the 
pedestal 30 is located at an end of the heat dissipating structure 16. 
Alternatively, the pedestal 30 can be more centrally located on the heat 
dissipating structured. In this alternative, a fan or a plurality of fans can 

15 cantilever off each side of the pedestal 30 and, thus, over the upper surface 26. 
The fan 18 is shown mounted to a central portion of the pedestal 30; however, 
the fan 18 can mount elsewhere on the pedestal. 

As stated earlier, the heat generated by the LEDs 14 is transferred 
through thermal conduction to the heat dissipating structure 16. To cool the heat 

20 dissipating structure 16, air or some other fluid is moved over and around the 
surfaces of the heat dissipating structure. The fan 18 facilitates the movement of 
such fluid over the heat dissipating structure 16. 

The fan 18 includes a blade 34 attached to a piezoelectric material 36. 
The blade is made of a flexible material, preferably a flexible metal. An 

25 unattached end 38 of the blade 34 cantilevers away from the pedestal 30 and 
over the upper surface 26. The blade mounts to the pedestal surface 32 such 
that the unattached end 38 of the blade 34 does not contact the upper surface 26 
when the blade is moving. The piezoelectric material 36 attaches to the blade 34 
opposite the unattached end 38 and over the pedestal 30. Alternatively, the 

30 piezoelectric material 36 can run the length, or a portion of the length, of the 
blade 34. The piezoelectric material 36 comprises a ceramic material that is 



electrically connected to a power source (not shown) in a conventional manner. 
As electricity is applied to the piezoelectric material 36 in a first direction, the 
piezoelectric material expands, causing the blade 34 to move in one direction. 
Electricity is then applied in the alternate direction, causing the piezoelectric 
5 material 36 to contract and moving the blade 34 back in the opposite direction. 
The alternating current causes the blade 34 to move back and forth continuously. 

In FIGS. 1 and 2, the fan is mounted directly to the heat dissipating 
structure 16. Alternatively, the fan 18 can mount to another component of the 
light assembly or light fixture. In this alternative, the fan 18 mounts to a portion of 

10 the light assembly near the heat dissipating structure 16 so that the fan can 

generate an airflow around the exterior surfaces of the heat dissipating structure. 
Furthermore, the fan 18 in FIGS. 1 and 2 is mounted such that the blade 34 
moves up and down; however, a fan can mount such that it moves side to side, 
or in another axis, for example diagonally. 

15 During operation of the LED light assembly, each LED 14 generates heat. 

The LED 14 includes a die (not visible) that allows conduction of the heat 
generated by the LED 14 to the heat dissipating structure 16. Meanwhile, an 
alternating current is supplied to the piezoelectric material 36 causing the blade 
34 to move up and down, which results in a fluid current moving around the heat 

20 dissipating structure 16. The flow of fluid around the heat dissipating structure 16 
cools the heat dissipating structure more quickly than with no moving fluid. 
Accordingly, more heat can be dissipated from the LED 14 resulting in a lower 
operating temperature. Furthermore, the footprint of the LED light can be 
reduced because the size of the heat dissipating structure can be reduced due to 

25 the active cooling caused by the fan. Also, a quiet active cooling takes place 
because the fan does not generate a lot of noise, which would be unattractive to 
consumers. 

With reference now to FIG. 3, a portion 50 of an LED lighting assembly is 
disclosed. The LED lighting assembly includes an LED array 52 made up of a 
30 plurality of LEDs 54 mounted to a heat dissipating structure 56. A pair of fans 58 
mounts to the heat dissipating structure 56. Alternatively, only one fan can 
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mount to the heat dissipating structure or a plurality of fans can mount to the heat 
dissipating structure. Each LED 54 is similar to the LED 14 described above with 
reference to FIGS. 1 and 2. Each LED 54 mounts in an LED die support 60. 
Heat generated by LED 54 is transferred to the heat dissipating structure 56 
5 through a die (not visible) that is mounted inside the die support 60. This 
embodiment can also include a mounting plate (not visible) similar to the 
mounting plate 22 described above with reference to FIGS. 1 and 2. 

The heat dissipating structure 56 includes a first or lower surface 64 to 
which the LED array 52 is mounted. The heat dissipating structure 56 also 

10 includes a second or upper surface 66 opposite the lower surface 64. Fins 68 
project upwardly substantially normal to the plane of the upper surface 66. The 
upper surface 66 and the surface area of the fins 68 provide a flow path surface 
over which a fluid, most likely air, will flow to facilitate heat dissipation. The fins 
68 increase the surface area of flow path surface. 

15 The heat dissipating structure 56 also includes a pedestal 70 projecting 

upwardly from the upper surface 66 of the heat dissipating structure 56. The 
pedestal 70 also projects upwardly substantially normal to the plane of the upper 
surface 66 away from the lower surface 64. The pedestal 70 is similar to the 
pedestal 30 described with reference to FIGS. 1 and 2. The pedestal 70 is 

20 spaced from the fins 68 such that a gap 72 is defined between an end of each of 
the fins and the pedestal. The pedestal 70 includes a pedestal surface 74 that is 
elevated above the fins 68. 

Referring also to FIG. 4, fans 58 are mounted on the pedestal surface 74. 
Each fan 58 includes piezoelectric material 76 and a blade 78. Each fan is 

25 similar to the fan 18 described above with reference to FIGS. 1 and 2. An 

unattached end 80 of each blade 78 cantilevers away from the pedestal 70 and 
over the fins 68. Each blade 58 is spaced from the each of the fins 68 so that 
when each blade 78 moves up and down the unattached end 80 does not 
contact the fins. Also, the pedestal 70 can extend upwardly where the fans 58 

30 are disposed between the fins 68, as opposed to over the fins. Similar to the fan 
18 shown in FIGS. 1 and 2, each fan 58 has the piezoelectric material 76 
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attached to the blade 78 opposite the unattached end 80 and over the pedestal 
70. 

With reference to FIG. 5, a current generator 1 10 is disposed in a wall 
112. The current generator creates a substantially vortex-shaped current; 
5 however, the current generator is not limited to creating a substantially vortex- 
shaped current, but should be construed to include any device that can create a 
fluid current of any configuration. The wall 112 can form a portion of the heat 
dissipating structure of an LED light assembly described with reference to FIGS. 
1-4. The wall 112 can also include the structure to which an LED is mounted, 

10 such as a printed circuit board. The wall includes a flow path surface 1 14 over 
which fluid circulates to cool the wall. 

A generally rectangular cavity 1 16 having a depth D (FIG. 6), width W 
(FIG. 6), and length L is formed in the wall 1 12. The cavity 116 has a pair of 
spaced-apart generally parallel side walls 118 and 120 (FIG. 6) and a pair of 

15 spaced-apart generally parallel end walls 122 and 124. The walls define an 
opening 126 in the flow path surface 1 14. The opening 126 of the cavity 116 is 
covered by a flexible, generally rectangular actuator blade 128. 

The blade 128 is attached to the wall 1 12 by a cantilever support at first 
end of the cavity 116. Alternatively the blade 128 could also attach to the wall 

20 1 12 an opposite end of the cavity 116. The blade 128 can attach to the wall 1 12 
in any conventional manner, for example with an adhesive or fasteners. The 
blade 128 includes two layers: a flexible layer 130 formed from a flexible 
material, such as stainless steel or aluminum, and a piezoelectric layer 132 
attached to the flexible layer 130 and formed from a piezoelectric material, for 

25 example piezoceramic. The piezoelectric layer 1 32 is disposed closest to the flow 
path surface 114; however, the piezoelectric layer 132 can be disposed opposite 
the flow path surface. Although the illustrated example shows a single 
piezoelectric layer 132, a second layer piezoelectric layer can attach to the 
opposite side of the blade 128, so that the flexible layer 130 would have a 

30 piezoelectric layer on each side. The layers 130 and 132 are securely bonded to 
each other, for example by the use of an adhesive layer. Also the layers 130 and 
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132 are substantially the same length. As seen in FIG. 6, the width of the blade 
128 is less than the width W of the cavity 116. As seen in FIG. 5, the length of 
the portion of the blade 128 extending over the cavity 1 16 is slightly less than the 
length L of the cavity 1 16 to provide an operating clearance. The length L of the 
5 cavity 116 (and thus the length of the blade 128) can be varied, although the 
shorter the blade and/or cavity become, the smaller the tip deflection of the blade 
128 and thus the lower the effectiveness of the current generator 110. 

In one embodiment the length L of the cavity can be about 10 inches. This 
is significantly larger than known similar devices. The blade 128 is installed in an 

10 off-center position relative to the cavity 116 such that two unequal side gaps 1 34 
and 136 are created between the edges of the blade 128 and the side walls 118 
and 120 of the cavity 116. The blade 128 is also connected to a controllable 
electric source 138 (depicted schematically in FIG. 5) to supply an alternating 
voltage of the desired magnitude and frequency to the blade 128. 

15 In operation, an alternating voltage is applied to the blade 128 from the 

controllable source. When a potential is applied across the piezoelectric layer 
132, the layer 132 either expands or contracts depending upon the polarity of the 
voltage. Since the piezoelectric layer 132 is bonded to the flexible layer 130, the 
application of the alternating voltage induces a bending strain resulting in 

20 oscillation of the blade 1 28. 

In one example, a blade 128 approximately 25.4 cm (10 in.) long, 25.4 mm 
(1 in.) wide, and 3.43 mm (0.135 in.) thick, having a flexible layer 130 of stainless 
steel 3.18 mm (0.125 in.) thick was constructed. When a 75 Hz, 200V RMS 
sinusoidal input signal was applied, the peak-to-peak tip deflection at the 

25 unattached end of the blade 128 was approximately 1.27 mm (0.5 in.). This tip 
deflection is somewhat greater than prior art devices and increases the capacity 
of the current generator 110. Furthermore, the use of a piezoceramic actuator 
has advantages over other known types of actuators, such as mechanical 
actuators, particularly in that it may be reliably operated at higher frequencies, for 

30 example about 70-80 Hz, which further increases the effectiveness of the current 
generator 1 10. A mechanically actuated device has problems operating at these 
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frequencies because it tends to distort the blade into a sinusoidal mode shape, 
which interferes with the creation of the desired vortex patterns. The 
piezoelectrically actuated blade 128 of this example does not experience this 
problem. 

5 In operation, as the blade 128 moves outward with respect to the cavity 

116, increasing the cavity volume, ambient fluid is drawn from large distances 
from the large side gap 136 into the cavity 116. On the subsequent down stroke, 
the blade 128 moves downward into the cavity 1 16, decreasing the cavity volume 
and expelling fluid from the cavity through the large side gap 136. As shown in 

10 FIG. 7, this alternating "pull" and "push" of the blade 128 results in a vortex flow 
pattern above the large side gap 136, illustrated by arrow B. A similar flow 
pattern, to a lesser degree, is created above the narrow side gap 134, illustrated 
by arrow C. The larger side gap 136 forms the primary passage for fluid into and 
out of the cavity 116, while the narrow side gap 134 primarily creates a space for 

15 operating clearance of the blade 128 as it oscillates. In the case where the flow 
over the surface of the wall 1 12 is opposite to the direction of arrow A, there is an 
additional benefit in that when the current generator blade is extended outward, it 
acts as a conventional vortex generator protruding from the surface, helping to 
prevent flow separation. Also the end wall 124 prevents axial current flow below 

20 the flow path surface 114. 

Referring to FIG. 8, a synthetic jet actuator 140 is disposed in a wall 142. 
The synthetic jet also generates a current similar to the fan and the current 
generator described above. A current generator body 148 is attached to an 
orifice plate 144 by a discharge conduit 150, which is an extension of a flexible 

25 hinge 156, described below. The orifice plate 144 is disposed in the wall 142 
flush with a flow path surface 146. The interior of the current generator body 
communicates with the flow path surface 146 of the wall 142 through one or 
more orifices 152 in the orifice plate 144. 

The current generator body 148 is constructed from a pair of side plates 

30 154 that are connected by the flexible hinge 156. The plates 154 are spaced 
apart from each other and are disposed in a generally parallel relationship. The 
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flexible hinge 156 surrounds the periphery of each plate 154 and can overlap the 
edges of the plates 154. The hinge 156 holds the side plates 154 together. An 
internal fluid cavity 158 is thus enclosed by the side plates 154 and the hinge 
156. Each side plate 154 can be a circular disk or other shapes, for example 
5 rectangular. This arrangement is similar to a bellows. The hinge 156 can be 
constructed from any flexible, fluid-tight material. The hinge can also be made of 
a material that is suitable as an adhesive, for example a room temperature 
vulcanizing (RTV) material. 

The orifices 152 may be a series of holes as shown in FIG. 13, or may 

10 take the form of an elongated slot, as shown in FIG. 14. The size, shape, number 
and angle of the orifices 152 can be modified in order to suit a particular 
application, for example the orifices 152 can be angled in a downstream direction 
(pitch angle), or the array of orifices 152 can be angled in the plane of the orifice 
plate 144 (yaw angle). 

15 Referring to FIG. 9, each side plate is formed from a plurality generally 

planar stacked layers. Each side plate 154 forms a bimorph piezoelectric 
structure; each side plate comprises two piezoelectric layers 160 and 162 having 
opposite polarities. The piezoelectric layers 160 and 162 are made of a 
piezoceramic material. When a voltage is applied to the bimorph piezoelectric 

20 structure, one layer 160 expands while the other layer 162 contracts due to the 
opposite-facing polarities. Since the piezoelectric layers 160 and 162 are parallel 
to each other, the application of a voltage causes the side plate 154 to take up a 
roughly hemispherical shape, in the case of circular side plates. When a voltage 
of opposite polarity is applied, the side plate 154 bends in the opposite direction 

25 (i.e. concave instead of convex). This arrangement in effect doubles the force 
exerted for a given voltage compared to a single piezoelectric layer. 

The piezoelectric layers 160 and 162 are covered on each side with a thin 
protective cladding layer 164 to prevent cracking of the piezoelectric layers 160 
and 162. In an exemplary embodiment the cladding layers 164 are made of 

30 stainless steel, preferably very thin, and are attached to the piezoelectric layers 
160 and 162 with a suitable adhesive. The piezoelectric layers 160 and 162 with 
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the attached cladding layers are attached to opposite sides of a central layer 
referred to as a shim 166, for example with an adhesive layer. The shim 166 
material and thickness is selected for sufficient stiffness to place the operating 
frequency of the actuator body 148 in the desired range. In the illustrated 
5 example, the shim 166 is made of aluminum. The side plates 154 are connected 
to a controllable electric source 168 (shown schematically in FIG. 4) so that an 
alternating voltage of the desired magnitude and frequency may be applied to the 
blade side plates 154. 

In operation, voltage from the electric source is applied to the side plates 

10 1 54 so as to cause the plates to deflect in opposite directions to each other. That 
is, when the left-hand side plate 154 illustrated in FIG. 9 is deflected convexly to 
the right, the right-hand side plate 154 is deflected convexly to the left. This 
simultaneous deflection reduces the volume of the fluid cavity 158 and causes 
fluid to be expelled through the discharge conduit 150 and then from the orifice 

15 152. When voltage of opposite polarity is applied, the side plates deflect in the 
opposite direction. This action increases the volume of the fluid cavity 158 and 
causes a decreased partial pressure in the fluid cavity 158, which in turn causes 
fluid to enter the fluid cavity 158 through the orifice 152. Since each side plate 
154 is a bimorph piezoelectric structure, and there are two side plates, this 

20 embodiment of the present invention has four times the capacity of a single 

piezoelectric device of the same overall dimensions. Fluid can expelled from the 
orifice 152 in a multitude of directions by simply changing the orientation and/or 
configuration of the plates, the flexible hinge or the orifice. Furthermore, the 
synthetic jet actuator 140 can be used to directly cool an LED die that does not 

25 include a heat sink or a larger heat dissipating structure. 

The output of two or more of the current generator bodies 148 can be 
combined into a single discharge area. As seen in FIG. 10, a synthetic jet 
actuator 170 comprises, for example, a pair of current generator bodies 148 
disposed adjacent a wall 142. A discharge conduit 172 having a generally 

30 inverted Y-shape connects the two current generator bodies 148. The conduit 
172 is shown in more detail in FIG. 11. The conduit 172 is hollow and has an 
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outlet leg 174 connected to two inlet legs 176 at a junction 178. The outlet leg 
174 of the conduit 172 communicates with the flow path surface 146 of the wall 
142 through one or more orifices 152 in the orifice plate 144. The orifices 152 
may be a series of holes, as shown in FIG. 12, or may take the form of an 
5 elongated slot as shown in FIG. 13. The size, shape, number and angle of the 
orifices 152 may be modified in order to suit a particular application. The orifices 
152 may also be arranged in the pattern illustrated in FIGS. 14 and 15, as 
described in more detail below. With reference back to FIG. 10, the current 
generator bodies 148 are connected to a controllable electric source 180 (shown 

10 schematically). It should be noted that it is possible to use one power source 180 
for multiple current generator bodies 148 connected in series, because each 
current generator body 148 has a low power consumption. This variation of the 
invention provides further increased capacity from a single orifice plate. 

An alternative orifice plate 184 is illustrated in FIGS. 14 and 15. FIG. 14 

15 illustrates the side facing the flow path surface 146, and FIG. 15 illustrates the 
side facing the fluid cavity 158 of the current generator body 148. The orifice 
plate 184 has a central hole 186 and side holes 188 disposed on either side of 
the central hole 186. Each of the holes has a conical or nozzle-like profile, so that 
the hole inlet 190 is larger in diameter than the hole outlet 192. The central hole 

20 186 is disposed so that the inlet 190 is on the side of the orifice plate 184 facing 
the fluid cavity 158 (FIG. 14) of the current generator body 148, while the two 
side holes 188 face the opposite direction. Since the holes have a lower 
resistance to flow in the direction from the inlet 190 to the outlet 192 than in the 
opposite direction, this arrangement tends to make air going inward to the fluid 

25 cavity 158 flow through the two side holes 188, while flowing outward from the 
fluid cavity 158 tends to flow though the central hole 186. This increases the 
velocity of the air flow out of the fluid cavity 1 58 which increases the 
effectiveness of the synthetic jet actuator 140. 

As an alternative to the arrangement illustrated in FIG. 8, the current 

30 generator body 148 can be provided with more than one outlet. For example, 
with reference to FIG. 16, a plurality of discharge conduits 194 may be arranged 
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around the periphery of a current generator body. FIG. 16 depicts how these 
additional discharge conduits 194 could be incorporated into a flexible hinge 196, 
which is seen from the side in FIG. 16. The number of discharge conduits 194 is 
only limited by the physical space available. Although the outlet velocity is 
5 reduced by adding additional discharge conduits 194, the outlet velocity is not 
reduced in proportion to the number of additional discharge conduits 194. For 
example, testing has shown that a current generator body 148 having 6 outlets 
still produces about 90% of the outlet velocity of the same current generator 
having a single outlet. In other words, a single current generator body 148 could 

1 0 be used to produce output for a number of orifices 1 52. 

For example, as shown in FIG. 17, a fluid current generator 200 includes a 
plurality of openings 202 to cool a heat sink 204 of an LED assembly. With 
reference to FIG. 18, the fluid current generator 200 includes a pair of flexible 
side plates 206 attached to or including piezoelectric material, similar to that 

15 depicted in FIG. 8. Piezoelectric material is charged to move the flexible side 
plates. A flexible hinge 208 connects the pair of plates; and the flexible hinge 
includes the plurality of openings 202. Also, the heat sink 204 includes a plurality 
of fins 212 extending from a base 214 of the heat sink. The fins 212 radiate from 
the center of the heat sink, and the fluid current generator 200 is situated at or 

20 near the center of the heat sink. Such a configuration can be used to cool an 
LED array similar to array described with respect to FIGS. 1-4. 

In another alternative embodiment, a plurality of synthetic jets is shown in 
FIGS. 19 and 20. In this embodiment, side plates 220 attach to one another by 
flexible hinge 222. The flexible hinge can be one contiguous piece, or it can 

25 comprise a plurality of distinct hinge pieces connecting one or two side plates 
together, for example. The flexible hinge can include a plurality of openings 224 
that can direct current flow to different locations. For example, one opening 224 
can be provided for the space between two adjacent side plates 220. 
Alternatively, more than one opening could be provided for such a space. 

30 The fluid current generators described above can be used to cool portions 

of an LED light assembly. One fluid current generator can be used to cool one or 
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a few LEDs. Alternatively, multiple LED systems can employ a heat sink, and the 
fluid current generators described above can be used to move current over the 
surface of the heat sink to cool the LEDs. 

While the embodiments have been described with reference to such terms 
5 as "upper," "lower," "above" and the like, these terms are used for better 

understanding of the embodiments with respect to the orientation of the figures. 
These terms do not limit the scope of the invention. Furthermore, certain 
components of the embodiments have been described with reference to their 
location in comparison to other components. These descriptions should not limit 

1 0 the invention to only those configurations described. Preferred embodiments 
have been described, obviously, modifications and alterations will occur to others 
upon a reading and understanding the preceding detailed description. It is 
intended that the invention be construed as including all such modifications and 
alterations as so far as they come within the scope of the claims, and equivalents 

15 thereof. 
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